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EFFECT OF SPOILER-TYPE LATERAT-CONTROL DEVICES
ON THE TWISTING MOMENTS OF A WING OF
NACA 230-SFRIES AIRFOIL SECTIONS

By James E. Fitzpatrick and G. Chester Furlong
SUMMARY

The effects of seversl spoiler arrangements on the spanwise
varlation of section twisting moments of & wing of NACA 230-series
alrfoll sections were investigated. The spoilers tested imcluded
both plain and perforated spoilers. The tests were conducted at
a Reynolds number of 7,350,000 and & Mach number of 0.245; the
tests included force and moment measursments and chordwise pressurs~
distribution meassurements at six spanwise stations.

The results of the tests indicated that the influsnce of a
Projected spoiler on the section pitching-moment coefficilents
extended approximately 25 percent of the semispan inbosrd of the
spoiler. The maximum twilsting-moment coefficienta due to the
spoilers at a low angle of attack of the wing were reached at this
spanwise location.

A region of negative pressure coefficients existed directly
behind the projected spoiler and diminished the positive pitching-
moment tendencies. This low pressure region became intensified
near the tip and, in some cases, caused negative local twisting
moments. Consequently, the smallest maximum twisting moment
due to a spoiler for a gilven rolling moment may be obtained by
locating the outboard end of the spoller as close to the tip as
Possible to take advantage of the increased balancing moment.

The perforations caused the pressure coefficients directly
behind the spoiler to increase, esnd a greater maximum twisting
moment resulted. The rolling moments of the perforated and the
Plain spoilers, however, were the game within the experimental
accuracy of the tests.

Either an extension of the spoiler span inboard from the tip
or an incrsase in apoiler proJection increased both the twisting-
moment coefficlents due to the spoiler and the rolling-moment
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coefficients. For a given change in rolling-moment coefficlent,
hovwever, an extension of the spoiler span resulted in greater
increases in twisting moments due to the gpeoliler than did an
increase in spoiler projection.

INTRODUCTION

The wing twisting moments conbtributed by a projected spoller
are of interest in the consideration of flight at high speed in
vhich twist of the wing may become great enough to cause an appre-
ciable loss in rolling effectiveness {reference 1). An investi-
gation was conducted in the Langley 19-foot pressure tunnel to
study the effects of various spoiler proJections and spoilexr spans
on the spanwise variations of sectlon twisting-moment coefficilents.

The present paper gives the resulis of measurements of the
aerodynemic characteristics of a wing of NACA 230-series airfoil
sections tested with six spoiler configuretions. The twisting
moments were determined by a spanwise integration of the chord-
wise loadings at six stations along the left semispan of the wing.
The spoller configurations included plain spoilers which extended 0.2
and 0.4t of the semispan and projected 4 and 8 percent of the local
chord from the T0-percent chord line of the left-wing panel. In
addition, perforated spoilers 0.2 and O.4 of the semispan were
tested with a projection 8 percent of the lacal chord.

The tests were conducted at a Mach number of 0.245 and a
Reynolds number of 7,350,000. Although +the data were obtained
at a relatively low Mach number, they are believed to indicats
qualitatively the variations of twisting moment with span most
likely to be encountered at higher speeds.

SYMBOLS
Cy, 1ift coefficient (Lift/qS)
Ca pitching-moment coefficient (M/qSc’)
Cy rolling-moment coefficient (L/qSb)

Cp yawing-moment coefficient (N/qSh)



NACA TN No. 1298

Cg /4
Aome fly

prregsure coefficlent ({1,__"_2_9)
a

gection plitching-moment coefficient a‘bou'b the local-
quarter-chord point -

increment of section pitching-moment coefficient duwe to
gpoiler projection

additional twisting-moment coefficient contributed by

gpollers
. 51
T apoiler on ~ Tspoiler off f (
g | e
2 P
bp/fe

Reynolds number (pVe!/u)
free-strean Mach number (V/a)

dynamic pressure, pounds per square foot (—;:'pVED

wing area, sguare feet
b/2
wing mean aerodynamic chord, feet g c2 dy
Vo

wing meen geometric chord, fest ({S/b)
local chord, feet

wing span, feet

mass density of air, slugs per cubic foot
pitching moment sbout 0.25¢', pound-feet
twisting moment about 0.25¢, pound~feet

yewing moment, pound-feet
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L rolling moment, pound-feet

Py local statlic pressure, pounds per square foot

P, free~gtream static pressuvre, poundslper gquare foot

b4 distance from leading edge along the chord, feet

Yy lateral distence perpendicular vo root-cliord plane, feet

a angle of attack of wing root chord, degrees

v velocity of free stream, feet per second

" coefficient of viscoslty of alr, pound-seconds per sguare
foot . )

a apeed of sound in alr, feet per sscond

MODEL, APPARATUS, AND TESTS

Model and apparatus.- A thres-view drawing of the wing is
presented as figure 1. Pertinent geometric characteristics are
ghown in this figure. The root section of the wing is en
NACA 23016 sirfoil section and the construction tip is an
NACA 23009 airfoil section. The wing has a span of 12 feet, an
aspect ratic of 6, a taper ratioc of 2:1, and 4° of gecmetric
washout. A ccomplete description of the pressure apparatus is
given in refersnce 2. A photograph of the wing mounted in the
Langley 19-foot pressure tunnel is shown as figure 2.

The spoilers wers so constructed that they simulated cilrcular-
arc retractable spoilers (reference 3). They extended 0.2 and C.4

of the semispen inboard Ffrom 0.99% and projected 0.0k end 0.08 of

the local chord.. Perforated spoilers were tested with the 0.08¢c pro-
Jections only. All the aspoilers were mounted on the upper surface
of the left-wing panel at the 70-percent chord stations. A photo-

graph of the O.ME, 0.08c perforated spoiler is shown as figure 3.

A cross sectlon of a typical spoiler mounted on the wing is pre-
gsented in figure b, :

Tests.~ All the tests were made with the air in the tumnel
compregsed to approximately 2% atmospherss. By proper edjustments
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to the dynamic pressure, the maximum deviation from a Reynolds
number of 7,350,000 was +10,000 and the maximum deviation from a
Mach number of 0.245 was 10.002 throughout the tests.

The forces and moments were measured by a six-component
simultaneous-recording balance system through an angle-of-attack
range from -3.7° through the stall.

Pressure-distribution tests were made for sll configuraticns
at angles of attack of 0.1°, 12.7°, and 19.0°.

CORRECTIONS AND REDUCTION OF DATA

Corrections.- The angles of attack have been corrected for
Jet-boundary effects and for air-stream misalignment, and the lift
and pltching-moment coefficlents have been corrected for model-
support interference as determined from tare tests. In addition,
the rolling-moment and yawing-moment coefficients have bsen cor-
rected for model asymmetry and for Jet-boundary effects in accord-
ence with the methods of references 4 and 5. The effects of model-
support lnterference on the local static pressures were assumed
to be negligible. The pressure coefficlient, however, is based
on average values of dynamic pressure and static pressure acroas
the span.

Reduction of data.- The force and moment data were reduced to
standard nondimensional coefficisnt form. The wing pitching moments
were computed about the quarter-chord point of the mean asrodynamlic
chord.

The pressure-distribution data wers reduced to the form of
the pressure coefficient P. The pressure coefficlients were plotted
against the chord and thickness, and the resulting diagrams werse
mechanically integrated %o furnish the section pitching-moment
coefficients. Diagrems of the saection pitching-moment coefficlents
vere integrated sbout the quarter-chord line, which was assumed to
be the elastic axis, to obtain the section twisting moments. The
elastic axis usually varies within +0.05¢ from the guarter-chord
line; however, it was pointed out in reference 6 that, in a steady
roll, the error involved in computing the twisting moments about
the quarter-chord line 1s negligible. The twisting momente con-
tributed by spoiler projectione are presented in the form of a
neondimensgional coefficient defined as follows:
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RESULTS AND DISCUSSION

1298

The results of the tests of“é wing of NACA 230-series airfoil
sections with and without spoilers are presented in figures 5 to 9.
Chordwise ~pressure= distribution-diagrams for the spoilar off; the

0. 080-projection, 0. h—-span spoiler, and the 0. Oﬁc-projection,

0. h»-span perforated spoiler are presented in figure 5, These

date are representative of the chordwige pressure dlstributions
obtained for all the spoiler configurations and, inasmuch as they

show the maximum effects, are the only ones presented.
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The effect of a projected spoiler on the section pitching-.
moment coefficient can be seen by comparing the pressure distri-
butions without spollers and the pressure distribution with the

b o
0.08¢c-projection, O.hz-span plain spoiler. (See figs. 5(4)

to 5(f).) In front of the spoiler, the pressurs coefficients are
increased positively on the upper surface and are increased nega-
tively on the lower surface. These changes in pressure distribu-
tion shead of the spoller cause a positive increase to the spoiler-
off pitching-moment coefflcient. Behind the spoiler, however, the
pressure coefficlents are increased negatively on both the upper
and lower surfaces. This pressure region contributes a negative
increment of pitching-moment cosefficlent end may be regarded es a
balancing moment when compared with the positive increment of
pltching moment contributed by the pressure region shead of the
gspoiler. The negative pitching moment developed behind the spoiler
1s greatest near the wing tip. PFigure 5 showd that the principal
offect of the perforations on the pressure distribution obtainsed
with a projected spoiler occurs in the region directly bshind the
spailer. The flow of air through the perforations increases
positively the pressure coefficients on the upper surface and,
hence, reduces the negative increment of pitching-moment coefficlent.

The spanwise variations of section pitching-moment coefficiént,____”

obtained from integrations of the chordwise-pressure-distributicn
data, are presented in figure 6. A comparison of any particular
spoiler at the three angles of attack shows an appreciable decrease
in the increment of section pitching-moment coefficient near the
stall. This decrease is primarily the result of the incroese in
spoiler-off pitching moment with sngle of attack whereas the
spoller-on plitching moment 1s relatively constant.

The spanwise variastions of section pitching-moment coeffi-
cient for all spoiler configurations at an angle of attack of 0.1°
(fig. 6) were integrated to obtain the spanwise variations of
section twisting-momont coefficient in s high-speed-flight attitude
(£ig. 7). ProjJecting a spoiler, for most configurations, caused
a positive section twisting moment. As indicated in figure 6,
the influence of the spoiler on the section pitching-moment coef-

ficient extends approximately 0.25; inboard of the spoiler. This
=4

spanwise location corresponds to the point at which the maximum

values of twisting-moment coefficient due to the spoilers &Cr
max

were attained (fig. 7). TFor each spoiler conflguration, the
increased balancing mcment near the tip redices the positive ]
twisting moments over the span of the wing. The balancing moment
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developed by the O0.Chc-projection, O.Eg—span gpoiler (fig. 7) is

actually greator than the positive increment due to-the loss in
1174 (fig. 8), end small negative increments of AC. are obtainca.

For the spoiler configurations tested, the ratios of the change
in maximum twisting-moment coefficlent dus to She gpoiler per unlt

LC
Tmax

change in rolling-moment coefficlent are presented in

AC
1
the following table for o = 0.1°:
Spoiler Spoiler span A(ﬁchax)
¢ projection o ax/
onfiguration £ (fraction of
(fraction semispan) AC
of chord) cmispa i
Changs in spoller span
8 g E Oloh - "0 059
fl‘om 0-23 'bo ODL': |08 - "066
Change in spoiler prodection - 0.2 -.32
from 0.04c to 0.08c ~—-- b -.51
The valuss of ACT end C; were obtalned from figures T

max
and 9. Whel the span of the spoilers of 0.0kc and 0.08¢ projec-

tlons is increased inboard from 0’23 to O.hB, the values
AGAC 2 2 _
Tmax :
—~L  become -0.59 and -0.66, respectively. When the

1 . i
projJection of the spoilers of 0.2% span and 0.&2 span 1s increased

)

AC
'L .
respectively. Thess ratios indicate that elther an increase
in span or sn incresss in projection causes an increase in both ACTma

of

from 0.0kc to b-Oac, the values of are =0.32 and -0.51,

. X
and C,; but for a given change in rolling-moment coefficient, the
increase in span wlll cause & greater increment of AC; than

. max .
will an increase in proJjection. Although the magnitude of these
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ratios are applicable only to the proJections and spans tested, the
trends appear to be generally true. Because of the large balancing
moment developed near the tip, the lowest value of ACTmax for a

given value of C; <can be obtained by locatinz the outboard end
of the spoller as near the tip as feasible.

Figure T shows that perforations caused en increase in ACTmax

over the value obtalned with the plain spoiler althounth the rolling-
mcment coefficisnts (fig. ¢) were approximately the sems. Ths
increase in ACTma with a perforated spoller is & result of the

X

reducticn in balancing momgnt due to alr flow through the perfora-
tions.

Reference 7 contains pressurse-distribution diagrams over a
wing with an aileron and with a spoiler. The pressure coefficient S
of reference 7 is equal to 1 - P in the notation of the present
peper, thus a value of S greater than 1 corresponds to a negative
value of P. The part of the dlagrams ahead of the spoiler 1s
similar to the part shead of the ailsrcn. The pressure cosffi-
clents P over the aileron, however, are positive;whereas the
pressure coefficients P behind the spoiler sre nezative. Pressure-
distribution dlagrams over an aileron, thercfors, do not indlcats
&8 balancing mcment as they do for a spoiler, which would ssem to
indicate that the twisting-moment coefficisnts contribuited by an
alleron would bo mors severse than those contributed by e spoiler.

SUMMARY OF RESULTS

The results of tests of several spollsr errangements on a
wing of NACA 230-series airfoll sections may be summarized as
Tollows:

1. The influence of a prolected spoiler on the section pitching-
mcment coefficlents extended approximately -5 percent of the semi-
span inboard of the spoiler. The maximum twisting-momsnt coeffi-
clents of the low-angle-of-attack condition were reached at this
spanwise location.

2. A reglon of negative pressure coefficients existed directly
bshind the proJjected speiler and diminished the positlive pitching-
moment tendencles. This low pressure rsgilon became larger near
the tip and, in some cases, caused negative local twisting momonts.
Consequently, the smallest maximum twisting-moment coefficient due
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to & spoller for a given rolling-mement coefficilent may be obtailned
by locating the ocutboard end of the spoiler as close to the tip as
possible to take advantage of the increased balancing moment.

3. The perforations caused the pressure coefficlents dlrectly
behind the spoiler to increase, and & greeter maximur twisting-
moment coefficlent resulted. The rolling-mcement coefficiente of
the perforated and the plein spoilers, however, were the same
vithin the experimental accuracy of the tests.

L. Either an extension of the spoiler span inboard from the
tip or an increase in spoiler proJection increased both the twisting-
moment coefficients dus to the spoiler and the rolling-moment coef-
ficients. TFor & given change in rolling-moment coefficient, how-
ever, an oxtenslon of the spoller span resulted In greater increases
in twisting moments due to the spniler than did an incresse in
gpoiler projection. :

Langley Memorial.Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., January =6, 1947
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NACA
LMAL. 46101

Figure 3.- Perforated spoiler projecting 0.08c and extending 0.42
mounted on wing of NACA 230-series airfoil sections. 2
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Figure 4.~ Typical section showing spoiler mounted on wing of
- NACA 230-series alrfoil sections.
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Figure 5.- Chordwise pressure distribution over a wing of NACA 230-series airfoil sections with
several spoiler arrangements; R = 7,350,000; M0 = 0.245,
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Figure 6.- Spanwise variation of section pitching-momant coefficient
of a wing of NACA 230-series airfoil sections with several spoiler
arrangements. R = 7,350,000; M, = 0.245.
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Figure 7.~ Spanwise variation of increment of twisting-moment coefficient of a wing

of NACA 230-series airfoll sections with several spoller arrangements. @ = 0,19
R = 7,350,000; M, = 0.245.
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Figure 8.~ Variation of lift coefficient with angle of attack of a wing of
NACA 230-series airfoil sections with several spoiler arrangements.
R = 7,350,000; M, = 0.245. '
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airfoll sections with various spoiler arrangements. R = 7,350,000;
M, = 0.245,



